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1
TRAIN CONTROL SYSTEM

This application is a continuation application of PCT/
JP2012/074285, filed on Sep. 21, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a train control system, and
more specifically, relates to a train control system that can
determine that a ground device has failed, to reliably prevent
a train from entering a control section of the failed ground
device.

2. Description of Related Art

Conventionally, in a train control system using a so-called
radio distance measurement system, a vehicle radio set is
mounted on a train, and a wireless network is formed between
the vehicle radio set and a plurality of wayside radio sets,
which is spatially separated and disposed along a wayside of
a track on which the train travels, and then, a wireless propa-
gation delay (time) between an on-board antenna of the
vehicle radio set and a wayside antenna of the wayside radio
set is measured, to detect a train location, so that the train
control is performed based on the detected train location.

Furthermore, as such a train control system using the radio
distance measurement system, conventionally, for example, a
technique including: a wireless train location detecting unit
that detects a train location on a predetermined track based on
apropagation time of'a radio wave between a vehicle radio set
mounted on a train travelling on the predetermined track and
a ground radio set disposed at a predetermined location on the
ground; a travel distance calculating unit that calculates a
travel distance of the train on the predetermined track based
on an output signal of a tachometer generator connected to an
axle of the train; a temporary reference location setting unit
that sets the detected train location detected by the wireless
train location detecting unit as a predetermined temporary
reference location; and a train location detection calculating
unit that detects a train location on the predetermined track
based on the travel distance calculated by the travel distance
calculating unit based on the temporary reference location set
by the temporary reference location setting unit, has been
disclosed (see, Japanese Laid-open Patent Application Pub-
lication No. 2007-331629, for example).

However, in the conventional technique, although there is
no problem while each ground device is normally operated,
there might have been a problem when a ground device fails,
that is, the ground device may fail to transmit information to
and receive information from a wayside radio set controlled
by the failed ground device. When the ground device has thus
failed, there might be a problem in that the transmission of
information to and reception of information from the train
may fail, so that a location of the train cannot be detected, and
thus, travel control of the train cannot be performed, that is, it
is extremely dangerous. In addition, there might be another
problem in that once the ground device has failed, a compli-
cated restoring work may be required.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problems, and an object of the present invention is to provide
atrain control system that can determine that a ground device
has failed, to reliably prevent a train from entering a control
section of the failed ground device.

To achieve the above object, an aspect of the present inven-
tion according to claim 1 provides a train control system
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2

including: an on-board device that is mounted on a train
travelling on a predetermined track; a vehicle radio set that
transmits and receives information of the on-board device;
wayside radio sets that are disposed at predetermined loca-
tions on a ground; and ground devices that are disposed in
every of the control sections defined on the track, in which in
each control section, the ground device is connected, in a
manner capable of transmission and reception, to the wayside
radio sets which belong to the control section, in which when
one ground device fails to transmit information to and receive
information from another ground device, the one ground
device makes a determination that said another ground device
has failed, and then, the one ground device calculates a pos-
sible travel distance to a control section of the failed ground
device to prevent the train from entering the control section of
the failed ground device, and then, the one ground device
transmits the possible travel distance to the on-board device
via the wayside radio sets and the vehicle radio set.

According to an aspect of the invention according to claim
2, in addition to the features of claim 1, the on-board device
generates a speed pattern according to the possible travel
distance transmitted from the one ground device, to perform
travel control of the train based on the speed pattern.

According to an aspect of the invention according to claim
3, in addition to the features of claim 1 or 2, the one ground
device is a ground device which is positioned before the failed
ground device in a travelling direction of the train with one or
more ground devices lying therebetween.

According to the embodiment of the invention according to
claim 1, when one ground device fails to transmit information
to and receive information from another ground device, the
one ground device makes the determination that said another
ground device has failed, and then the one ground device
calculates the possible travel distance to the control section of
the failed ground device to prevent the train from entering the
control section of the failed ground device, and then, the one
ground device transmits the possible travel distance to the
on-board device via the wayside radio sets and the vehicle
radio set. Thus, the train can be reliably prevented from enter-
ing the section controlled by the failed ground device. As a
result, the train can be reliably prevented from being uncon-
trollable, and in addition, the complicated restoring process
can be reduced.

According to the embodiment of the invention according to
claim 2, the on-board device generates the speed pattern
according to the possible travel distance information trans-
mitted from the one ground device, to perform the travel
control of the train based on the speed pattern. Thus, the train
can be reliably prevented from entering the section controlled
by the failed ground device.

According to the embodiment of the invention according to
claim 3, the one ground device is the ground device which is
positioned before the failed ground device in the travelling
direction of the train with one or more ground devices lying
therebetween. Thus, the one ground device can determine that
there was failure of the ground device with time to spare, and
a distance at that time from the train to the control section of
the failed ground device can be prevented from being short,
and thus, the train can be reliably stopped before reaching the
control section of the failed ground device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration view around a train of
a train control system according to an embodiment of the
present invention;
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FIG. 2 is a schematic configuration view illustrating the
train control system according to the embodiment of the
present invention; and

FIG. 3 is a flowchart illustrating an operation of the train
control system according to the embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinbelow, an embodiment of the present invention will
be described with reference to the accompanying drawings.

FIG. 1 is a schematic configuration view illustrating a train
control system according to an embodiment of the present
invention. In the present embodiment, on a train 2 that travels
on a predetermined track 1, an on-board device 3 is mounted.
The on-board device 3 includes a data processing unit (not
illustrated), which includes a CPU as a main component, and
the on-board device 3 is configured to perform various kinds
of control, such as speed control and brake control of the train
2.

Furthermore, on the train 2, a vehicle radio set 4 connected
to the on-board device 3 is mounted, and along a wayside of
the track 1 of the train 2, a plurality of wayside radio sets 5 that
transmits information to and receives information from the
vehicle radio set 4 is disposed. Still further, as illustrated in
FIG. 2, these wayside radio sets 5 are divided among a plu-
rality of control sections formed along the track 1. In each
control section, wayside radio sets 5 belonging thereto are
configured to transmit information to and receive information
from the vehicle radio set 4 of the train 2 travelling in the same
control section as that to which the wayside radio sets 5
belong.

Furthermore, for each control section, a ground device 6 is
disposed. To the ground device 6, the wayside radio sets 5,
which belong to the same control section as that the ground
device 6 is disposed, are connected. The ground devices 6 are
connected to each other, and each ground device 6 is config-
ured to transmit information to and receive information from
another ground device 6.

Then, each ground device 6 measures a communication
time required for a communication between the wayside
radio set 5 and the vehicle radio set 4, to calculate a distance
between the wayside radio set 5 and the train 2, to thereby
detect as to which location in the control section the train 2
exists at that time. Then, the ground device 6 transmits infor-
mation, such as a speed limit and a possible travel distance,
obtained based on the train location information, via the
wayside radio sets 5 and the vehicle radio set 4, and the
on-board device 3 is configured to generate a speed pattern
according to braking performance of the train 2 on which the
on-board device 3 is mounted, so that when a running speed
exceeds the speed pattern, the on-board device 3 controls a
brake device to reduce the running speed to a speed which is
not more than the speed pattern.

Here, the ground devices 6 transmit information to and
receive information from each other. If one of the ground
devices 6 fails for some reason, the other ground devices 6
may fail to transmit information to and receive information
from the failed ground device. Thus, in the present embodi-
ment, when one ground device 6 fails to transmit information
to and receive information from another ground device 6, the
one ground device 6 is configured to make a determination
that said another ground device 6 has failed. Then, the one
ground device 6 is configured to calculate the possible travel
distance to the section controlled by the failed ground device
6 to prevent the train 2 from entering the section controlled by
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the failed ground device 6. Then, the one ground device 6 is
configured to transmit the calculated possible travel distance
to the on-board device 3 via the wayside radio sets 5 and the
vehicle radio set 4. Then, the on-board device 3 is configured
to generate a speed pattern according to the possible travel
distance information, to perform the travel control of the train
2 based on the speed pattern.

In a case in which one ground device 6 determines that
another ground device 6 has failed, the ground device 6 per-
forming the decision is not limited to a ground device 6 which
is next to the failed ground device 6, and a ground device 6
which is positioned before the failed ground device 6 in the
travelling direction with one or more ground devices lying
therebetween may perform the decision of the failure. Thus,
upon deciding that a ground device 6 has failed, when a
distance from a location of the train 2 at that time to the
control section of the failed ground device 6 is short, a case in
which the train 2 cannot be stopped before reaching the con-
trol section of the failed ground device 6 can be avoided.

Next, a control operation of the present embodiment will
be described with reference to a flowchart of FIG. 3.

First, the wayside radio set 5 and the vehicle radio set 4
communicate with each other, and then, by measuring the
communication time thereof, each ground device 6 calculates
a distance between the wayside radio set 5 and the train 2, to
detect a location of the train 2 at that time (ST1).

Then, the ground device 6 transmits information of a speed
limit and a possible travel distance obtained based on the train
location information, to the on-board device 3 via the wayside
radio sets 5 and the vehicle radio set 4, and the on-board
device 3 generates a speed pattern according to brake perfor-
mance of the train 2 on which the on-board device 3 is
mounted, to perform travel control of the train 2 according to
the speed pattern (ST2).

Then, when one ground device 6 fails to transmit informa-
tion to or receive information from another ground device 6,
the one ground device 6 makes a determination that said
another ground device 6 has failed (ST3), and the one ground
device 6 calculates a possible travel distance to a control
section of the failed ground device 6 (ST4), and then, the one
ground device 6 transmits the possible travel distance to the
on-board device 3 via the wayside radio sets 5 and the vehicle
radio set 4. Then, the on-board device 3 generates a speed
pattern according to the possible travel distance information,
to perform travel control of the train 2 based on the speed
pattern (ST5). Thus, the train 2 can be prevented from enter-
ing the control section of the failed ground device 6.

As described above, in the present embodiment, when the
ground device 6 has failed, the possible travel distance to the
control section of the failed ground device 6 is calculated, and
the obtained possible travel distance is transmitted to the
on-board device 3 via the wayside radio sets 5 and the vehicle
radio set 4, and then, the on-board device 3 generates the
speed pattern according to the possible travel distance, to
perform the travel control of the train 2 based on the generated
speed pattern. Thus, the train 2 can be reliably prevented from
entering the section controlled by the failed ground device 6.
As aresult, the train 2 can be reliably prevented from being
uncontrollable, and in addition, the complicated restoring
process can be reduced.

Furthermore, the present invention is not limited to the
present embodiment, and various modifications can be made
without departing from the scope of the present invention.

It should be noted that the entire contents of Japanese
Patent Application No. 2011-218254, filed on Sep. 30, 2011,
on which convention priority is claimed, is incorporated
herein by reference.
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It should also be understood that many modifications and
variations of the described embodiments of the invention will
be apparent to a person having an ordinary skill in the art
without departing from the spirit and scope of the present
invention as claimed in the appended claims.

What is claimed is:

1. A train control system comprising:

an on-board device that is mounted on a train travelling on

a predetermined track;

avehicle radio set configured to transmit and receive infor-

mation of the on-board device;

wayside radio sets that are disposed at predetermined loca-

tions on a ground; and

ground devices that are disposed in every control section

defined on the track, the ground devices being connected

in a manner capable of transmitting and receiving infor-
mation with each other and with the wayside radio sets
that belong to a respective control section, wherein:

the ground devices are configured to detect both a train
location and a failed ground device that fails to trans-
mit and receive information,

a ground device that detects the train location is config-
ured to both calculate a travel distance to a control
section where the failed ground device is disposed in
a travelling direction of the train, and to transmit the
travel distance to the on-board device via a wayside
radio set and the vehicle radio set, and

the on-board device is configured to prevent the train
from entering the control section where the failed
ground device is disposed.

2. The train control system according to claim 1, wherein
the on-board device is configured to generate a speed pattern
according to the travel distance transmitted from the one
ground device that detects the train location, and to control the
train based on the speed pattern.

3. The train control system according to claim 1, wherein
the ground device that detects the train location is positioned
before the failed ground device in the travelling direction of
the train with one or more ground devices lying there
between.

4. The train control system according to claim 1, wherein
the ground devices are further configured to transmit a speed
limit obtained from the train location via the wayside radio
sets and the vehicle radio set.

5. The train control system according to claim 1, wherein
the ground devices are further configured to calculate a dis-
tance between one of the wayside radio sets and the train by
measuring a communication time between the one of the
wayside radio sets and the vehicle radio set to detect the train
location.

6. A train controlling method for a system, the system
comprising an on-board device that is mounted on a train
travelling on a predetermined track; a vehicle radio set that
transmits and receives information of the on-board device;
wayside radio sets that are disposed at predetermined loca-
tions on a ground; and ground devices, each ground device
disposed in a section defined on the track, the ground devices
being connected in a manner capable of transmission and
reception of information with each other and with the wayside
radio sets that belong to the control section, wherein the
ground devices are configured to detect a train location, the
method comprising:

determining, by a ground device that detects the train loca-

tion, that a failed ground device has failed to transmit

and receive information;
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6

calculating, with the ground device that detects the train
location, a travel distance to the control section where
the failed ground device is disposed in a travelling direc-
tion of the train;

transmitting the travel distance to the on-board device via

one of the wayside radio sets and the vehicle radio set;
and

controlling the train by the on-board device to prevent the

train from entering the control section where the failed
ground device is disposed.

7. The train controlling method according to claim 6, fur-
ther comprising, with the on-board device:

generating a speed pattern according to the travel distance

via one of the wayside radio sets and the vehicle radio
set, and

controlling the train based on the speed pattern.

8. The train controlling method according to claim 6,
wherein the ground device that detects the train location is
positioned before the failed ground device in the travelling
direction of the train with one or more ground devices lying
there between.

9. The train controlling method according to claim 6, fur-
ther comprising transmitting, with one of'the ground devices,
a speed limit to the on-board device, via one of the wayside
radio sets and the vehicle radio set.

10. The train controlling method according to claim 6,
further comprising:

measuring a communication time required for a commu-

nication between one of the wayside radio sets and the
vehicle radio set;

calculating a distance between the one of the wayside radio

sets and the train using the communication time; and
detecting a train location in the control section.
11. A train controlling method for a system, the system
comprising an on-board device that is mounted on a train
travelling on a predetermined track; a vehicle radio set that
transmits and receives information of the on-board device;
wayside radio sets that are disposed at predetermined loca-
tions on a ground; and ground devices, each ground device
disposed in a control sections-defined on the track, the ground
devices being connected in a manner capable of transmission
and reception of information with each other and with one of
the wayside radio sets that belongs to the control section,
wherein the ground devices are configured to detect a train
location, the method comprising:
calculating a distance between the wayside radio set and
the train by each ground device by performing a com-
munication between one of the wayside radio sets and
the vehicle radio set and by measuring a communication
time thereof so as to detect a location of the train;

transmitting information of'a speed limit obtained based on
the train location information from the ground device to
the on-board device via one of the wayside radio sets and
the vehicle radio set;
generating a first speed pattern by the on-board device
according to brake performance of the train on which the
on-board device is mounted, and performing travel con-
trol of the train based on the first speed pattern;

determining, by a ground device that detects the train loca-
tion, that a failed ground device has failed to transmit
and receive information;
calculating a travel distance from the ground device that
detects the train location to the control section of the
failed ground device in a travelling direction of the train
by the ground device that detects the train location;

transmitting the travel distance to the on-board device via
the wayside radio sets and the vehicle radio set;
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generating a second speed pattern by the on-board device

according to the travel distance; and

controlling the train based on the second speed pattern.

12. The train controlling method according to claim 11,
further comprising preventing the train from entering the 5
control section where the failed ground device is disposed.

13. The train controlling method according to claim 11,
further comprising controlling, with the on-board device, a
brake device to reduce a running speed of the train to a speed
which is less than or equal to the first speed pattern when a 10
running speed exceeds the first speed pattern.
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